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(54) LED PRINTING HEAD ADJUSTED IN EXPOSURE ENERGY AND ADJUSTMENT OF 
EXPOSURE ENERGY THEREOF 

(57)Abstract: 

PURPOSE: To uniformize exposure energy between respective 
LEDs while equalizing average exposure energy between 
respective printing heads by always estimating such a state that 
a time correction bit is allotted when the drive currents in 
respective chips are adjusted to operate exposure energy. 
CONSTITUTION: A preliminarily arbitrarily initialized drive 
current is applied to the respective LEDs 12(12-1-12-64) of a 
chip to be adjusted to simultaneously drive the respective LEDs 
12 to measure the emission quantities of the LEDs 12. Next, a 
time correction bit is virtually allotted at every LEDs 12 on the 
basis of the measured emission quantities of the respective 
LEDs 12. Next, the exposure energies of the respective LEDs 
12 are operated on the basis of the virtually allotted time 
correction bit and the applied drive current and the average 
exposure energy of the chips 10-1-10-3 is virtually operated on the basis of the operation result. The 
imaginary average exposure energy is compared with an objective value and a drive current is 
altered on the basis of the comparison result and the respective LEDs 12 are driven by the drive 
current after alteration. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In order that two or more LED may make desired value equalize the exposure energy of the LED 
print head where two or more chips by which alignment arrangement was carried out were aligned In the 
exposure energy adjustment approach of the LED print head which performs the amount amendment of 
luminescence during each chip by adjustment of an LED drive current, and performs luminescence time amount 
amendment in [ LED ] a chip by adjustment of the supply time amount of a drive current The process which 
drives LED with a predetermined drive current, and the process which measures the amount of luminescence of 
each LED, The process which performs temporary allotment of a time amount amendment bit to each LED, and 
the process which calculates the exposure energy of each LED based on the time amount amendment bit by 
which temporary allotment was carried oui with said drive current, The process which calculates virtual average 
exposure energy from the exposure energy of each LED, The exposure energy adjustment approach of the LED 
print head characterized by repeating said each process including the process which compares said virtual 
average exposure energy and desired value, and the process which changes a drive current based on said 
comparison result until virtual average exposure energy reaches desired desired value. 
[Claim 2] The LED print head adjusted by the exposure energy adjustment approach according to claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related to the exposure energy adjustment approach of an LED print head that the 
amount amendment of luminescence during each chip carries out by the drive current adjustment of LED, and 
the exposure energy adjustment in [ LED ] a chip carries out by adjustment of the supply time amount of a drive 
current, to the exposure energy adjustment approach of making desired value equalizing the exposure energy of 
the LED print head by which this invention is carried in a printer or facsimile, and the LED print head where 
two or more LED aligned especially two or more chips by which alignment arrangement was carried out. 
Moreover, this invention relates to the LED print head to which exposure energy was adjusted by the 
adjustment approach mentioned above. 
[0002] 

[Description of the Prior Art] An LED print head supplies a drive current to LED corresponding to a printing 
dot alternatively to LED which met the printed line and was arranged, makes LED emit light, and performs the 
Rhine print per line. In this kind of print head, the exposure energy of each LED which aligned in order to 
obtain a uniform quality of printed character in each line needs to be beforehand adjusted to homogeneity. 
[0003] As everyone knows, it depends for the exposure energy of LED on the magnitude and its supply time 
amount of a drive current. Usually, in order to control dispersion in the luminous efficiency between LED 
components, it is desirable to form much LED on the same chip as much as possible, but in order to obtain 
required print width, and to perform printing of one line, it is necessary to assemble two or more chips. 
Therefore, in the LED print head where such two or more chips aligned, it is common to carry out by 
adjustment of the drive current to which adjustment of the amount of luminescence during a chip is given by 
each chip. And about dispersion in the luminous efficiency of LED in each chip, allotment of a time amount 
amendment bit is adjusting the drive current supply source time amount for every LED. That is, the LED drive 
current is controlled by the time amount amendment bit pulse connected with the main drive current pulse to 
which that supply time amount was equally set to each LED, and this, and the number or die length of this time 
amount amendment bit pulse is separately adjusted according to quality dispersion of an LED component. 
[0004] The exposure energy adjustment approach of the print head in the former is shown in drawing 4 . In 
drawin g 4 , a drive current is adjusted so that the average quantity of light may serve as desired value to each 
chip first, and the conventional adjustment approach assigns a time amount amendment bit to the whole print 
head which combined two or more chips next, and is equalizing the whole exposure energy. 
[0005] Namely, in the former, the initial drive current of arbitration is supplied to the LED chip used as the 
candidate for adjustment (SI), and the amount of luminescence at this time is measured for every LED for it 
(S2). At this time, the drive current supplied to each LED is only the Maine pulse, and the pulse of a time 
amount amendment bit is not taken into consideration. 

[0006] The amount of luminescence of each of said LED to the average quantity of light LA An operation is 
performed (S3) and then it is this average quantity of light LA. Desired value L0 A comparison is performed 

(54) . In the comparison by step S4, it is desired value L0. The predetermined allowed value alpha is given. It is 
the average quantity of light LA by the comparison in step S4. If in agreement with desired value, adjustment of 
a drive current will be completed, but when both are not in agreement, the initialized drive current is changed 

(55) and step SI - S4 are repeated again. 

[0007] How many times, by that repeat, it sets to step S4, and is the average quantity of light LA. If desired 
value L0 is reached, adjustment of a drive current will be completed and allotment of the time amount 



amendment bit for every LED will be performed to all the whole chip built into a print head next (S6). This 
allotment supplies the drive current adjusted like the above-mentioned to the chip which corresponds, 
respectively, and is performed by measuring the amount of luminescence of each LED at this time. Since 
exposure energy becomes settled only in impression of the Maine pulse in the usual case, without adding a time 
amount amendment bit to LED with the biggest amount of luminescence, a time amount amendment bit is given 
to other LED so that it may become equal to this exposure energy. 

[0008] Exposure energy adjustment of a print head is performed [ in / as mentioned above / the former ] by two 
steps of adjustments called the decision of the drive current for every chip, and the allotment of a time amount 
amendment bit to the whole LED. 
[0009] 

[Problem(s) to be Solved by the Invention] However, according to such a conventional adjustment approach, 
the final adjustment of the exposure energy of all LED contained in two or more chips at the time of allotment 
of a time amount amendment bit must be performed, for this reason the burden of a time amount amendment bit 
becomes large, and there is a problem that the amendment number of bits large enough prepared beforehand in 
practice must be taken so that it can respond to such large adjustment. 

[0010] The luminescence time amount in a time amount amendment bit itself will become long at the time of 
actual printing, and this thing had the fault of giving constraint to the printing time amount and the quality of 
printed character of a print head. 

[001 1] moreover , since a time amount amendment bit be take into consideration at all by the conventional 
approach at the time of the decision of a drive current , it be the quantity of light desired value L0 . when it fix , 
it have the problem that final average exposure energy will vary greatly for every print head according to 
dispersion in an LED component in each print head , and it had become the factor which reduce the quality of a 
print head 

[0012] This invention is made in view of the above-mentioned conventional technical problem, and the purpose 
is to offer the improved exposure energy adjustment approach that average exposure energy can be remarkably 
equated between each print head while being able to equalize the exposure energy of each LED extremely. 
Moreover, this invention aims at offering easily the LED print head adjusted by such exposure energy 
adj ustment approach. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in order that two or more LED 
may make desired value equalize the exposure energy of the LED print head where two or more chips by which 
alignment arrangement was carried out were aligned, this invention In the exposure energy amendment 
approach of the LED print head which performs the amount amendment of luminescence during each chip by 
adjustment of an LED drive current, and performs luminescence time amount amendment in [ LED ] a chip by 
adjustment of the supply time amount of a drive current The process which drives LED with a predetermined 
drive current, and the process which measures the amount of luminescence of each LED, The process which 
performs temporary allotment of a time amount amendment bit to each LED, and the process which calculates 
the exposure energy of each LED based on the time amount amendment bit by which temporary allotment was 
carried out with said drive current, The process which calculates virtual average exposure energy from the 
exposure energy of each LED, Including the process which compares said virtual average exposure energy and 
desired value, and the process which changes a drive current based on said comparison result, it is characterized 
by repeating said each process until virtual average exposure energy reaches desired desired value. 
[0014] Moreover, this invention is characterized by the LED print head to which exposure energy was adjusted 
by the above-mentioned adjustment approach. 
[0015] 

[Function] According to the above-mentioned approach, when adjusting the drive current in each chip, exposure 
energy can be calculated supposing the condition that the time amount amendment bit was always assigned, and 
it enables this to perform both adjustments of a drive current and a time amount amendment bit to coincidence. 
[0016] 

[Example] Hereafter, the suitable example of this invention is explained based on a drawing. 

[0017] The example of the suitable exposure energy adjustment approach for this invention is shown to drawing 

1 by the flow chart. 

[0018] It is given to each LED of the chip with which the drive current beforehand- initialized by arbitration 



serves as a candidate for adjustment, and each LED drives to coincidence (SI 1). And the amount of 
luminescence of each LED is measured (SI 2). 

[0019] It is that it is characteristic in this invention to perform allotment of a time amount amendment bit to 
coincidence at the time of adjustment of this drive current. Namely, based on the amount of luminescence of 
each of said measured LED, a time amount amendment bit is virtually assigned for every LED (SI 3). In the 
usual case, this temporary allotment is performed based on the amount of luminescence of each LED, for 
example, to LED with the biggest amount of luminescence, there is no allotment of a time amount amendment 
bit, and allotment of a time amount amendment bit according to those amounts of insufficient luminescence is 
performed to LED lower than this. Thus, after allotment of an imagination time amount amendment bit is 
performed, the operation of the exposure energy of each LED is performed from the time amount amendment 
bit of temporary allotment, and the impressed drive current (SI 4). Next, it is based on the exposure energy of 
each of this LED, and is the average exposure energy EA of a chip. It calculates virtually (S15). 
[0020] Next, this' virtual average exposure energy EA Desired value E0 It compares (SI 6). of course, the step 
SI 6 - setting - average exposure energy desired value E0 ****-- the predetermined allowed value alpha is 
given. 

[0021] By the early comparison which was performed by doing in this way in the usual case, it is the virtual 
average exposure energy EA. Desired value E0 It is not in agreement and a drive current is changed by this 
comparison result (SI 7). And each LED drives again according to this newly set-up drive current, such step 
SI 1-16 are repeated, and it sets to step SI 6, and is the virtual average exposure energy EA. Desired value E0 
Adjustment is completed in the condition of having been in agreement. 

[0022] Therefore, according to this invention, temporary allotment of a time amount amendment bit whenever a 
drive current is changed under this new drive current is performed, and adjustment is performed, searching for 
the exposure energy of a chip for every adjustment cycle. 

[0023] Therefore, according to this invention, it becomes possible to perform both adjustment of a drive current, 
and adjustment of a time amount amendment bit to coincidence. 

[0024] And even if it does still in this way and adjustment is performed for every chip, it is the virtual average 
exposure energy EA of the chip. It is always desired value E0. Since adjustment is performed so that it may be 
in agreement, it becomes that it is possible to make extremely into homogeneity final average exposure energy 
of all the chips built into a print head only by adjusting separately for every chip. 
[0025] Moreover, since the time amount amendment bit is always taken into consideration at the time of 
adjustment of a drive current, the inclination for final average exposure energy to become varying for every 
chip or settling in a comparatively high value like before is certainly removable. 

[0026] Although temporary allotment of the capital degree hour amendment bit is newly carried out in each 
adjustment cycle so that clearly from d rawing 1 , this is because the optimum values differ also in the time 
amount amendment bit of each LED whenever a drive current is changed. Whenever LED has the nonlinear 
luminescence property to the drive current, there is an inclination for luminescence dispersion of LED in a chip 
to become large, as everyone knows as the drive current which is given to a chip in the usual case falls, and a 
drive current is changed for such a property, it is effective to newly carry out temporary allotment of the time 
amount amendment bit. In the example, a time amount amendment bit consists of a triplet, and is memorized by 
the memory which temporary allotment of this triplet is not illustrating in each adjustment cycle, and renewal of 
overwrite is carried out at each cycle of every. Therefore, it sets to step S16 and is the virtual average exposure 
energy EA. Desired value E0 The time amount amendment bit when being in agreement is employable as an 
adjustment value final as it is. 

[0027] A different example a little [ of this invention ] is shown in drawing 2 , and a setup of a drive current is 
performed to it by bit setup of DAC (digital analog converter) in this example. 

[0028] In a print head, control of the drive current for every chip is performed by DAC, the adjustment value by 

which digital storage was carried out is read into the memory which is not illustrated from DAC as an analog 

value, and it is given to the component for gate controls of MOS-FET which supplies a drive current to each 

chip so that this analog-control signal may explain in full detail behind as a control signal. Such a DAC has the 

capacity of 10 bits and can perform very detailed drive current adjustment. 

[0029] Drawing 2 shows the example in the case of controlling a drive current using such a DAC. 

[0030] Number-of-bits n of DAC is set up in step S21, and n= 10 is set up in an example. 

[0031] In step S22, an initial drive current is set up, the n-th of DAC, i.e., the 10th bit, is set to "1" in an 



example, and all the remainder are set to "0." In DAC shown in the example, each bit will be in a drive 
condition in "0", therefore only the most significant bit is in the condition of not driving, and, as for step S22, 
all other bits set up the drive current which will be in a drive condition. 

[0032] A DAC output is supplied to a chip by this drive current, and a drive current is supplied to each LED 
(S23). And the amount of luminescence of each LED at this time is measured (S24), and temporary allotment of 
a characteristic time amount amendment bit is performed in this invention in this condition (S25). Also in this 
example, a time amount amendment bit consists of a triplet, according to the amount of luminescence of each 
LED, a time amount amendment bit is not given to LED with the largest amount of luminescence, but the time 
amount amendment bit according to the amount of insufficient luminescence is virtually assigned to it to other 
LED. 

[0033] Next, the exposure energy after doing in this way and being assigned calculates for every LED (S26), is 
based on the exposure energy of each of this LED, and it is the virtual average exposure energy EA of a chip. It 
calculates (S27). 

[0034] And this virtual average exposure energy EA Desired value E0 It is compared (S28). 

[0035] It sets to this example and is the virtual average exposure energy EA at step S28. Desired value E0 It 

becomes a decision criterion whether it is large, and in being smaller than desired value, it changes the n-th 

initialized bit into "0" (S29). Namely, it changes in the direction which enlarges a drive current. Case [ on the 

other hand, a comparison result is reverse ] EA (i.e., average exposure energy) When desired value is surpassed, 

the n-th bit is held remaining as it is, " P. [ i.e., ] Thus, the most significant bit is fixed. 

[0036] At step S30, it is judged whether the decision of all bits was made, and when n is not 0, one initial value 

n is subtracted at a time in step S3 1 . 

[0037] Each bit value of DAC is fixed [ as mentioned above ] [ step / S29 / from step S22 to ] one by one from 
the most significant bit to the least significant bit. 

[0038] Predetermined adjustment is performed temporary allotment of that capital degree hour amendment bit 
being performed, and calculating exposure energy from both drive current and time amount amendment bit in 
the decision of each of this bit value, so that clearly from an example. 

[0039] Therefore, where all the bits of DAC are fixed, allotment of a time amount amendment bit will also be 
completed to coincidence. 

[0040] The overall drive circuit of the LED print head which controls a drive current by DAC drawing 3 was 
indicated to be in drawing 2 is shown. 

[0041] A print head consists of a configuration which carried out alignment arrangement of two or more chips 
10-1, 10-2, and 10-3 --, and alignment arrangement of two or more LED 12-1 to 12-64 is carried out into each 
chip 10. The drive circuit 14-1, 14-2, and 14-3 are prepared to each chip 10, respectively, and each drive current 
is defined by DAC 16-1, 16-2, and 16-3, respectively. 

[0042] The interior of the drive circuit 14 consists of the same circuitry, and only the circuit 14-1 is shown in 
the detail in drawin g 3 . 

[0043] MOS-FET18 for a drive is formed to each LED 12, and a drive current is supplied to selected LED12. 
The switching element 20 is connected to the gate of FET18, and the drive current adjusted by this invention as 
on-off control of desired FET18 is carried out and it was mentioned above with the output signal from the AND 
gate 22 can be supplied to each LED 12 from FET18. 

[0044] Strobe signal STR is supplied to one input of said AND gate 22, and the printing control signal from the 
data control circuit 24 is supplied to the input of another side. 

[0045] In this invention, as mentioned above, in order to adjust luminescence dispersion of each LED in a chip, 
both impression of the amendment pulse by the time amount amendment bit and impression of the Maine pulse 
for main printing are controlled, and as for said data control circuit 24, a switch with this amendment data and 
the Maine data is performed. If set by this invention which the time amount amendment bit mentioned above, 
the amendment data will be supplied to latch 26, and will be memorized as a numeric value peculiar to the 
corresponding chip 10. 

[0046] On the other hand, printing data are supplied to a shift register 28, and this is stored temporarily by latch 
30 as a parallel signal. 

[0047] Both amendment data and Maine data are memorized as mentioned above, and the latch storage of both 
the latches 26 and 30 is temporarily carried out only to required LED of printing by the printing signal DIN by 
which the amendment data 26 were also supplied to the shift register 28 in practice. The data control circuit 24 



is supplied to the AND gate 22, switching both latches' 26 and 30 output in predetermined sequence, AND 
. control with strobe signal STR opens said switching element 20, LED 12 as which the drive current which 
becomes settled by DAC16 at this time was chosen is supplied, and luminescence by which exposure energy 
adjustment of the request was carried out is performed. 

[0048] According to this invention as mentioned above, it becomes possible to perform drive time amount 
amendment of each LED, and drive current adjustment for every chip in the optimal condition for an actual 
printing activity. 
[0049] 

[Effect of the Invention] Since adjustment of an LED print head is performed based on the actual exposure 
energy which becomes settled by both drive current and drive time amount according to this invention as 
explained above, very uniform exposure energy can be acquired and it becomes possible to improve the quality 
of printed character of a print head remarkably. 

[0050] Moreover, since it is based on final exposure "energy desired value according to this invention, it enables 
dispersion in exposure energy for dispersion in the quality of printed character for every chip to become 
remarkably small, to be able to acquire the exposure energy equalized extremely, also when two or more chips 
are incorporated as a print head, and to obtain few heads between each print head. 

[0051] Furthermore, since exposure energy can be adjusted per chip, the burden of a time amount amendment 
bit is mitigated and the number of time amount amendment bits can be decreased as compared with the former. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart Fig. showing the suitable example of the adjustment approach concerning this 
invention. 

[ Drawin g 2] It is other examples of the adjustment approach concerning this invention, and is the flow chart 
Fig. showing the suitable example of the approach of carrying out drive current adjustment by DAC. 
[Drawing 3] It is the suitable print head drive system whole block diagram for this invention. 
[Drawing 4] It is the flow chart Fig. showing the adjustment approach in the former. 
[Description of Notations] 
S11 5 S23 Drive of LED 

S 1 2, S24 The amount measurement of luminescence 

SI 3, S25 Temporary allotment of a time amount amendment bit 

SI 4* S26 Operation of the exposure energy after allotment 

SI 5, S27 Operation of virtual average exposure energy 

SI 6, S28 Comparison 

SI 7, S29 Modification of a drive current 
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